Polycrystalline BiMn 2 O 5 and Bi 0.9 Ce 0.1 Mn 2 O 5 have been prepared by a solid-state reaction. A crystalline structure study shows that all x-ray diffraction patterns can be indexed successfully in an orthorhombic phase. Substitution of Ce for Bi ions induced in the unit cell a slight distortion and enlargement. Magnetic and dielectric measurements all reveal that Ce substitution induces great effects: BiMn 2 O 5 is in the antiferromagnetic ͑AFM͒ phase with a Néel transition temperature at about 42 K, whereas Bi 0.9 Ce 0.1 Mn 2 O 5 is in the ferromagnetic ͑FM͒ phase with a Curie temperature at about 46 K. The permittivity of Bi 0.9 Ce 0.1 Mn 2 O 5 is much higher than that of BiMn 2 O 5 , and two dielectric relaxation peaks have been observed in the former, instead of one dielectric loss peak as observed in BiMn 2 O 5 . The valent state of Ce ions has been analyzed mainly as tetravalent by the core-level spectrum of Ce 3d from x-ray photoemission spectroscopy. The possible mechanisms of the magnetic transition from AFM to FM and the peculiar dielectric relaxation peaks induced by Ce substitution have been discussed in detail.
INTRODUCTION
A multiferroic material is a compound that simultaneously displays two or more properties of ferroelectricity, ͑anti-͒ ferromagnetism, and ferroelasticity. This fascinating behavior originates from the coupling of two or three ferroic order parameters in the material. The mutual coupling between magnetic and electric degrees of freedom leads to linear and quadratic magnetoelectric effects, in which magnetization as the linear or quadratic function of the electric field strength is induced by an applied electric field and an electric polarization can be induced by an applied magnetic field. This material is interesting in both fundamental and applied investigations for the understanding of the fundamental physics mechanism and due to its potential application on information technology, such as spintronics, data storage, and sensor and magneto-optical devices based on the mutual control of magnetic and electric fields. However, the number of candidate materials is limited, and the coupling effect is often too small to be useful in applications. The exploring of materials and fundamental studies of multiferroics thus has become one of the most important subjects in the investigation of condensed matter physics recently.
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RMn 2 O 5 series oxides, [9] [10] [11] where R denotes rare-earth metals, or Y and Bi, are among the few oxides showing significant magnetoelectric or megnetodielectric effects. BiMn 2 O 5 is one member of the RMn 2 O 5 family, and its structure and magnetic properties have been studied extensively. [15] [16] [17] [18] [19] It crystallizes in the orthorhombic structure with the space group Pbam, ͑z =4͒ and contains two crystallographic sites for Mn atoms, with different oxygen coordination and oxidation states. 24 h in air, respectively. X-ray diffraction ͑XRD͒ data were collected using a Rigaku D/Max-2400V powder diffractometer. Magnetization and magnetic hysteresis loop measurements were carried out on a commercial superconducting quantum interference device ͑SQUID͒ magnetometer. The dc susceptibility measurements were performed in a 5 kOe magnetic field ranging from 5 to 300 K under a zero-field-cooling condition. Dielectric measurements were carried on an Agilent 4294A precision impedance analyzer. The thickness of the samples was about 0.3 mm, and Ag was used as electrodes for the dielectric measurements.
An x-ray photoelectron spectroscopy study of BiMn 2 O 5 and Bi 0.9 Ce 0.1 Mn 2 O 5 was carried out using a VG electronic spectrometer equipped with a twin anode ͑Mg and Al͒. Mn 2p core-level spectra for the two samples were collected using Al K␣ as the x-ray source, whereas the Ce 3d core-level spectrum was collected using Mg K␣ to avoid the effect of Auger lines L3M23M45 of Mn. The surfaces of all samples were cleaned by Ar + ion bombardment before they were measured, and all the spectra were referenced to the adventitious C1s peak at 285.0 eV. In addition, in order to analyze and compare the collected experimental data, the backgrounds that came from the second electrons have been subtracted.
RESULTS AND DISCUSSION
The XRD patterns of The temperature dependence of the magnetic susceptibility of the materials is shown in Fig. 2 Fig. 4 , which demonstrates the permittivity increasing with temperature and having a nonlinear temperature behavior. Moreover, the Ce substitution for Bi in BiMn 2 O 5 induces the permittivity increase in the measured temperature interval. In addition to the dramatic increase of the permittivity, the permittivity versus temperature in Bi 0. where T p is the peak temperature, 0 the relaxation time, k the Boltzmann constant, and E the activation energy. As =2f, then we can get
Arrhenius plots for the relaxation peaks are shown in 1 or the splitting of 3d 3/2 and 3d 5/2 levels. And the highest existing binding energy ͑BE͒ peak ͑916.6 eV͒, which only exists in CeO 2 ͑Refs. 21 and 22͒ and is absent in Ce 2 O 3 ͑Ref. 23͒ also show that the Ce ions in Bi 0.9 Ce 0.1 Mn 2 O 5 exist in a tetravalent state. However, the full peak width at half maximum ͑FWHM͒ at the 884.1 eV peak is about 3 eV, which means that there are other contributions that come from unknown electronic states, such as the Ce 3+ state. So the Ce ions in the compound could be a mixed valence state, but the dominant part is the tetravalent state. From Figs. 7͑b͒ and 7͑c͒, −12 s͒ and larger than free-electronic one ͑10 −16 s͒. This may be attributed to a polaroniclike relaxation, which originates from the interaction between a free charge and a lattice, and the interaction leads to the forming of local dipoles. 25 Taking the value of the active energy into consideration, peak R 1 could be associated to the oxygen vacancies. 26 As to the second relaxation peak in Bi 0. 9 
